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Conversion  Factors, 
Non  SI  to  SI  Units  of 
Measurement 
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1  Introduction 


Background 

Low-temperiture  transverse  pavement  cracking  is  a  serious  asphalt 
pavement  problem  in  the  northern  der  states,  ^aska,  Canada,  and  Greenland. 
The  cracking  occurs  when  thermal  stresses  induced  in  the  pavement  by 
cooling  occeeds  the  tensile  strength  of  the  asphalt  concrete.  The  crack  b^ins 
at  die  aqiludt  concrete  surfme  and  i»ogresses  downward  through  the  entire 
pavement  layer.  The  initial  occurrence  of  low-temperature  cracks  does  not 
result  in  a  major  loss  of  pavement  serviceability  Iwt  will  cause  an  accelerated 
loss  of  pavement  performance  over  time  leading  to  increased  maintenance  and 
a  shortened  pavement  service  life. 

A  major  factor  in  the  occurrence  of  low-tempertture  transverse  cracking  is 
die  low-temperature  stiffoess  of  die  aqihalt  cement.  Low  viscosity  asphalt 
cements  are  recommended  as  binders  in  cold  r^kms  to  reduce  die  potential 
for  low-tenqierature  cracking.  The  U.S.  Army  Corps  of  Engineers  uses  the 
penetration  viscosity  nundier  (FVN)  method  in  cold  regions  to  aid  in  selecting 
an  asfdiait  conent  widi  reduced  teoqierature  susceptibility  (see  Aiqiendix  A, 
ETL  1110-1-139).  The  PVN  criteria  has  beoi  used  by  the  U.S.  Army  Corps 
of  Engineos  for  various  Dqiartmoit  of  Drfoise  agencies  in  cold  r^kms  since 
1976.  The  PVN  is  an  enqiirical  corrdatkm  betweoi  asphalt  cemoit  factors 
and  low-tenqierature  pavement  cracking  experiences  in  Canada.  In  general, 
the  greato’  or  more  positive  the  PVN,  die  less  teaqierature  susceptible  the 
binder  should  be.  Penetratxm  data  at  2S  d^  C  and  kinematic  viscosity  at 
135  d^  C  are  required  to  obtain  die  PVN.  For  road  and  airfidd  pavements, 
the  U.S.  Army  Corps  of  Engineers  qiecifies  asidialts  with  a  minimum  PVN  of 
•0.5  in  moderatdy  cold  regions  (northern  tier  states)  and  asfdialts  with  a 
miniiwim  PVN  of  -0.2  in  severdy  cold  r^kms  Onterior  Alaska  and 
Greenland).  Asfdialt  cements  meetii^  diese  criteria  are  termed  "special 
graded." 

Objective 

The  objective  of  this  study  was  to  evduate  the  performance  of  special 
graded  (arctic  grade)  a^dialt  cements  in  airfidd  pavements  subjected  to 
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extreiM  oondhioos  and  to  provide  guidance  on  the  use  of  these  asidialt 
ceoHMs  on  DOD  jffojects. 


Scope 


The  scope  of  Ais  study  included  a  review  of  available  literature  and 
existing  data,  field  site  inspectioos,  laboratory  study  and  analysis  of  data.  The 
effectiveness  of  qwcial  gr^ed  asi^alt  cemnts  to  minimize  low-temperature 
cracking  was  evalutted  at  three  locations.  Wainwri^t  Army  Airfield,  Alaska, 
Elmendorf  AFB,  Alaska,  and  Sondre^m  Air  Base,  Greenland.  At  each 
location  a  visual  inspection  was  conducted  to  determine  the  amount  and 
severity  of  cracking  for  pavements  with  Mandard  and  special  graded  asphalt 
cemems.  Field  sanq)les  were  also  taken  at  each  site  to  evaluate  the  properties 
of  die  in  place  ai^alt  concrete  materials.  From  the  data  obtained  in  this 
investigation,  recommendations  and  guidan^  are  made  concerning  the  use  of 
qiecial  graded  aqihalt  cements  for  DOD  pavements. 
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2  Literature  Review 


In  die  cold  regkins  of  Nordi  America,  pavements  frequently  sufier  from 
low-tenyerature  racking  that  is  caused  by  cyclic  diamal  stresses.  Special 
graded  as|dialts  are  used  by  many  pavement  designers  to  reduce  die  ^ects  of 
thermal  stresses  on  asfdialt  concrete  pavemoits.  A  brief  literature  review  was 
ccMaducted  to  determine  the  present  stateK)f<the*art  technology  ft>r  using  special 
graded  awaits  in  preventing  damage  from  thermal  stresses  in  asphalt 
pavements. 

Canadian  Study 

McLeod  (1976)  rqiorted  a  study  on  the  Pen-Vis  Numbo-  (PVN)  and  its 
^plication  to  pavement  stiffness.  The  PVN  is  a  tenqierature  susceptibility 
procedure  diat  is  based  on  the  poietration  value  of  an  asphalt  conent  at 
25  d^  C  and  its  viscosity  in  centistokes  at  135  deg  C.  This  procedure  was 
developed  in  response  to  die  erroneous  values  diat  Pfeiffer’s  and  van 
Doormal’s  poietration  index  (PI)  would  give  to  Canadian  asphalts  made  from 
waxy  crude  oils  diat  would  sIkiw  a  £dse  softening  point.  Because  of  the  way 
die  PVN  was  drived,  the  PVN  and  die  PI  are  die  same  or  very  nearly  so  for 
many  aqihalt  cements.  This  makes  it  possible  to  use  PVN  widi  Van  der 
Pod’s  nomognphs  to  ditiun  moduli  of  stiffoess  values  for  asphalt  cements 
and  a^balt  paving  mixtures. 

NCHRP  Study 

The  National  Cooperative  Highway  Research  Program  (Finn  et  al  1978) 
repotted  a  study  on  minimizing  prmnature  cracking  in  asjdialtic  concrete 
pavement.  The  objective  of  the  research  project  was  to  prepare 
recommoidations  on  materials,  design,  and  construction  requironaits  that 
could  reduce  the  occurrence  of  premature  low-t«nperature  thermal  cracking  in 
aqihdt  concrete  pavements.  Widi  respect  to  iow-tenq>erature  cracking,  it  was 
reported  diat  aqihalt  cmnent  grade  was  the  most  viable  designer-controlled 
frtttor  rdated  to  low-tonperature  craddng.  A  low-viscosity  asphalt  should  be 
used  if  pronature  low-tenqierature  cracking  is  observed.  Asphaltic  concrete 
mixes  i^e  widi  low-visc^ity  asphalt  cements  are  more  easily  conqiacted; 
thus,  higher  density  requiraimnts  can  be  specified  to  achieve  stabilities 
comparable  to  mixes  made  with  harder  asj^aits. 
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Asphalt  Institute  Study 


The  Asphalt  Institute  reported  a  state-of-the-art  literature  review  on  low- 
temperature  transverse  cracking  in  asphalt  concrete  pavements  (AI  1981).  The 
rqmrt  included  an  imerpretation  of  the  significant  literature,  guidelines  for  the 
^plication  of  current  technology,  and  a  framework  for  future  advances  in  diis 
area.  The  goal  of  this  study  was  to  find  an  economic  way  of  minimizing  the 
problem  of  low-temperature  transvme  cracking,  i.e.,  retard  the  onset  of 
cracking,  and  when  it  does  occur,  keep  foe  cracking  at  an  accq)table  level. 

Asphalt  pavement  transverse  cracking  is  a  regional  problem,  with  more 
severe  cracking  occurring  in  foe  coldest  regions.  The  literature  listed  a 
number  of  factors  that  influence  foe  occurrence  and  severity  of  pavement 
transverse  cracking.  They  include  climatic  effects,  subgrade  type,  asphalt 
cement  properties,  mix  properties,  pavement  design,  pavement  age,  and  traffic 
effects.  Low-temperature  pavement  design  procedures  have  focused  on 
asphait  cement  or  mix  stiffoess  for  ojntroiling  transverse  cracking.  The 
methods  developed  to  predict  cracking  from  asphalt  cement  or  mix  stiffness 
were  based  on  identifying  foe  "predicted  cracking  temperature"  of  foe 
pavement.  However,  there  was  a  lack  of  comprehensive  data  that  correlated 
foe  predicted  cracking  temperatures  wifo  actual  field  data. 

The  rqwrt  recommended  foe  following  basic  stq)s  for  foe  developmmt  and 
application  of  a  simple  low-temperature  pavement  design  procedure: 

a.  Determine  foe  pavement  design  temperature.  The  pavranent  design 
temperature  can  be  consid^'ed  equal  to  foe  minimum  pavement-surface 
temperature. 

b.  Predict  pavement  cracking  temperature.  Pavement  cracking 
temperatures  are  estimated  from  foe  asphalt  prop^es  using  foe 
nomogr^hic  cracking  temperature  mefood  shown  in  Figure  1. 

c.  Selea  a  low-viscosity  asphalt  grade  for  lov’-temperature  performance 
when  foe  predicted  pavement  cracking  temperature  falls  below  foe 
pavement  design  tempwature. 

d.  Selea  asphalt  for  optimum  ovaall  pavement  structural  design  if  there 
is  a  conflia  between  foe  requirements  of  an  acceptable  low-temperature 
design  and  a  sound  pavement  structural  design. 

The  Asphait  Institute  concluded  that  controlling  low-temperature  pavement 
transverse  cracking  by  restriaing  asphalt  properties  in  specifications  has  only 
been  partly  successful.  The  following  recommendations  were  made: 

a.  Research  projects  should  be  initiated  to  measure  foe  influence  of 
minoal  filler  in  foe  mix,  subgrade  effects,  pavement  thickness,  ac.  to 
daermine  foe  effea  on  low-temperature  transverse  cracking. 
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ASPHALT  PENETRATION  AT  25*C 


Figure  1 .  Nomograph  for  predicting  cracking  temperatures 


b.  laformation  from  test  roads  and  construction  projects  should  be  taken 
to  include  die  effect  of  a  wider  variety  of  asphalts  and  other  significant 
design  variables. 

c.  The  pavement  design  criteria  should  be  used  as  a  design  procedure  and 
not  as  an  additional  a^balt  specification. 

d.  The  design  procedure  based  on  cracking  tenqieratures  predicted  from 
asphalt  penetrations  at  25  d^  C  and  5  deg  C  should  be  used  as  an 
interim  guide  to  design  pavemrats  to  resist  low-temperature  transverse 
cracking. 

e.  A  modification  of  the  American  Society  for  Testing  and  Materials 
(ASTM)  Standard  Test  Method  D  S  should  be  proposed  and  developed 
to  measure  die  penetration  at  5  d^  C,  using  for  all  measurements  foe 
100  g,  5  sec  test  condUton. 
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TRB  Study 


A  state-of-the-art  r^rt  on  low-temperature  properties  of  asphalt  paving 
cements  was  published  by  the  National  Researdi  Council  and  the 
Transportation  Research  Board  (TRB  1988).  This  repott  provides  references 
for  nine  test  param^ers  (penetration,  ductility,  viscosity,  glass  transition 
temperature,  tensile  strength  of  thin  films,  absolute-rate  theory  and  asphalt 
fracture,  viscoelastic  properties,  asphalt  stiffness,  and  modifi^  asphalts)  that 
pertain  to  low-temperature  properties  of  paving  asphalts.  Paving  asphalt 
specifications  that  use  penetration  measurements  at  lower  temperatures  have 
been  recommended  to  improve  low-temperature  performance.  Halstead 
(Halstead  1963)  demonstrated  that  pavements  containing  asphalts  with 
satisfactory  poietration  (30-50)  at  25  deg  C,  100  g,  5  s  but  with  low 
ductilities  at  25  deg  C  showed  pooro*  service  than  pavements  containing 
asphalts  of  the  same  penetration  but  with  high  ductility.  Studies  have  also 
shown  poor  correlations  between  initial  viscosity  and  penetration  or  ductility 
values  and  that  these  relationships  become  poorer  with  decreasing 
temperatures.  This  is  due  to  the  unknown  and  variable  shear  rates  associated 
with  these  empirical  tests  at  low  temperatures.  The  selection  of  an  asphalt 
cement  that  will  resist  cold  weather  cracking  should  d^end  on  a  direct 
measurement  of  low-temperature  consistency.  Viscosity,  because  of  its 
fundamental  nature  over  a  wide  range  of  temperatures,  would  be  suitable  for 
that  purpose.  Commonly  used  asphalt  stiffness  prediction  procedures  are 
Pfeiffer’s  and  van  Doormaal’s  PI  procedure  (Pfeiffer  and  van  Doormaal  1936) 
and  McLeod’s  PVN  procedure  (McLeod  1976).  They  are  based  on 
penetration  measurements  or  on  viscosity  values  at  high  temperatures  such  as 
135  deg  C  or  60  deg  C. 

Asphalt  nKxlifiers  have  also  been  tested  for  their  ability  to  modify  the  low- 
temperature  properties  of  asphalt  cements.  At  high  temperatures,  sulfur- 
asphalt  mixtures  can  increase  the  stiffness  of  a  soft  asphalt  (300  to  400 
penetration)  to  that  of  mixture  made  with  40-50  penetrations.  The  addition  of 
sulfur  has  no  effect  on  stiffness  at  low  temperatures.  Asphalt  mixtures 
reinforced  with  polypropylene  fibers  resulted  in  mixtures  with  improved 
elongation  capability,  better  resistance  to  freezing  and  thawing,  and  a  more 
durable  and  longer-lasting  service  life,  particularly  in  cold  climate  regions. 
Laboratory  tests  indicated  that  the  addition  of  carbon  black  pellets  to  asphalt 
cements  increased  asphalt  durability  by  mcreasing  the  viscosity  at  60  deg  C 
and  by  increasing  the  penetration  at  5  deg  C,  a  demonstration  of  improved 
low  temperature  suscq)tibility. 

FAA  Study 

Janoo  (1990)  r^rted  a  study  on  the  use  of  low-viscosity  asphalts  in 
airfields  ami  highway  pavements  in  cold  regions.  The  report  included  a  brief 
literature  review  on  low-temperature  cracking,  a  description  of  the  U.S.  Army 
Corps  of  Engineers  specifications,  and  the  results  of  a  field  study  concerning 
the  use  of  soft  grade  asphalts  by  state  and  Federal  agencies. 
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Low-teaventure  transverse  cracking  occurs  viien  the  ten4>erature-induced 
tensile  stress  in  Ae  asiAalt  concrete  exceeds  Ae  tensile  strmgA  of  Ae  asphalt 
concrete.  The  crack  bq^ins  at  Ae  asphalt  concrete  surface  and  progresses 
downward  through  Ae  asphalt  concrete  layer.  The  bearug  capacity  of  Ae 
pavement  systrai  reduces  over  time  as  Ae  number  of  cracks  mcrease,  Ae  size 
of  Ae  cracks  mcrease,  and  wiA  entry  of  wato*  into  Ae  pavemrat  cracks. 
During  Ae  wmter  months,  deicing  solutions  can  enter  Ae  cracks  and  cause 
localized  Aawmg  of  Ae  base  and  subbase  and  water  entering  Aese  cracks  can 
cause  differential  frost  heave. 

Low  viscosity  asphalt  cements  are  currmtly  recommended  as  binders  in 
cold  regions  to  reduce  Ae  potential  for  low-temperature  cracking.  The 
U.S.  Army  G)rps  of  Engineers  currently  uses  Ae  penetration  viscosity 
number  (PVN)  to  quantify  temperature  susceptibility  of  an  asphalt  cement  and 
estimate  its  ability  to  prevent  low-tonp^ature  cractog  (ETL  1 1 10-1-139 
1990).  For  road  and  airfield  pavemmts,  Ae  U.S.  Army  Corps  of  Engineers 
specifies  "standard  grade"  asphalts  wiA  a  minimum  PVN  of  -O.S  in  Ae 
i^erately  cold  r^ions  and  "special  grade"  asphalts  wiA  a  minimum  PVN  of 
-0.2  in  Ae  very  cold  r^ions  (Interior  Alaska  and  Greenland). 

Eighteen  out  of  Ae  27  states  surveyed  considered  low-temperature  cracking 
to  be  a  serious  problem.  Sixteen  states  have  some  form  of  specification  for 
minimizing  low-temperature  cracking.  Most  states  in  Ae  norAem  U.S.  agree 
Aat  low-viscosity  asphalts  should  be  used  for  controlling  low-temperature 
cracking. 

Janoo  concluded  Aat  Ae  propagation  of  low-temperature  cracking  is  a 
function  of  Ae  asphalt  cement  and  Ae  asphalt  concrete  properties.  The 
following  recommendations  w^e  made: 

a.  The  behavior  of  asphalt  concrete  mixtures  at  low  temperatures  is  based 
on  data  gained  from  asphalt  concrete  properties  at  higher  temperatures. 
Research  on  characterizing  Ae  bdiavior  of  asphalt  concrete  mixtures  at 
low  temperatures  should  be  developed. 

b.  Research  on  introducing  additives  to  Ae  asphalt  cement  or  Ae  asphalt 
cement  mixture  to  minimize  low-temperature  cracking  should  be 
conducted. 

c.  Field  techniques  for  controlling  low-temperature  cracking  should  be 
studied. 

The  U.S.  Army  Engineer  Waterways  Experiment  Station  (WES)  conducted 
a  FAA  sponsored  field  survey  of  131  airports  to  determine  Ae  current  usage 
of  asphalt  modifiers  in  airfidd  pavement  systems.  It  was  found  Aat  Ae  most 
prominent  reason  for  using  asphalt  modifier  in  U.S.  airport  pavonents  is  to 
prevent  or  deter  Aermal  cracking  in  Ae  asphalt  concrete  (Anderton  and 
Lewandowski  1992).  Hie  WES  study  supports  Janoo ’s  conclusion  Aat  low- 
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ten|Mrature  cracking  in  airport  as{rfialt  pavements  should  be  a  major  concern 
fortheFAA. 

SHRP  Study 

The  Strat^ic  Highway  Research  Program  reported  a  summary  on  low- 
tonperature  and  thermal  fttigue  cracking  of  asp^t  concrete  pavements 
(Vinson,  et  al  1989).  An  extnsive  literature  review  was  conducted  dtat 
described  die  causes  and  problems  associated  widi  low-temperature  cracking. 
Test  methods  diat  are  currendy  used  to  predict  iow-tenqierature  and  thermal 
fttigue  cracking  in  a^hah  concrete  mixtures  wm  identified  and  teportoi.  A 
test  program  was  recommended  to  uqipott  the  evaluation  of  several  test 
meAods  for  standardization  and  for  use  in  medumisdc  models. 

In  new  pavements,  cracks  gennally  appear  at  100-f  ft  spacings.  As  die 
pavement  ages  and  cold  temperature  cycles  increase,  the  crack  pacing 
decreases  to  less  than  20  ft.  Factors  that  influence  die  amount  of  low- 
terap^ature  cracking  in  asphalt  pavements  include  material  factors, 
environmental  foctors,  and  pavemoit  structure  geometry  factors.  The  single 
most  inqiortant  material  fi^r  diat  influences  the  amount  and  d^ee  of  low- 
traqierature  aacking  is  the  temperature-stifthess  relationship  of  the  asphalt 
cement.  A  high  penetration/low  viscosity  asphalt  conmit  is  less  temperature 
suscqitible  due  to  its  lower  stifthess  at  low  ten^eratures.  In  addition, 
aggr^ates  that  have  high  abrasion  resistance,  bi^  freeze-diaw  resistance,  and 
low  absorption  give  maximum  resistance  to  transverse  cracking.  The  asphalt 
concrete  mixture’s  aggr^ate  gradation,  asphalt  cmnem  content,  and  air  voids 
content  do  not  significandy  influoice  die  tenqierature  susceptibility  of  the  mix. 
Environmental  ftictors  diat  influrace  the  amount  of  Iow-tenq>erature  cracking 
are  pavement  surface  teoqierature,  rate  of  cooling,  and  pavemmit  age  (the 
probability  of  extreme  low  temperature  occurrence  increases  with  time).  In 
respect  to  pavement  structure  geometry.  Add  evidence  shows  that  low 
temperature  crack  spacing  is  closer  for  narrow  pavements  than  for  wido- 
pavmnmits.  In  addition,  inaeasing  the  thickness  of  the  asphalt  concrete  layers 
decreases  die  incidmice  of  low-tmnpo'ature  cracking  and  increasing  die  friction 
coefficient  between  the  asphalt  laya  and  die  base  course  reduces  die  incidence 
of  low-temperature  racking.  Low-temperature  cracking  is  also  greater  for 
pavements  on  sand  subgrades  dian  on  c^esive  subgrades. 

Numerous  research  studies  have  examined  die  thermal  properties  of  asphalt 
concrete  mix  properties  in  rdation  to  low-temperature  crackii^.  SHRP 
recommended  four  test  methods  for  further  miamination  in  a  laboratory  test 
program.  These  mediods  were: 

a.  Direct  tension-constant  rate  of  extension  test. 

ft.  Thmnal  stress  restrained  specimen  test. 
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e.  Enofy  rdeise  rate  (C*)  line  im^ral  test. 

d.  Coefficient  of  thermal  expansion  and  contraction  test. 

SHRP  also  recommended  a  laboratory  test  program  that  would  properly 
evaluate  the  suitability  of  these  four  mediods  for  standardization  and  foeir 
ability  to  provide  iiq)ut  parameters  to  mechanistic  models  for  low-taiq)«ature 
cracking. 

USAF-WES  Study 

WES  conducted  a  research  study  on  die  use  of  altemate/modified  bindm 
for  a^halt  airfidd  pavements.  One  of  the  more  prominent  conclusions  of  the 
study  was  that  styrene-butadiene-styrene  (SBS)  and  low-density  polyethylene 
modifiers  can  moderately  increase  the  resistance  to  rutting  and  provide  a 
substantial  decrease  in  the  binder’s  tempnature  susceptibility  (Anderton, 
1990).  As  an  indirect  result  of  this  study,  a  modified  asphalt  test  section  will 
be  constructed  at  the  Thule  Greenland  Airbase  in  1994,  widi  trial  sections 
consisting  of  a  SBS  and  a  low-density  polyethylene  modified  asphalt  sections 
placed  in  line  widi  an  unmodified  control  section  on  a  main  taxiway.  The 
results  of  the  test  section  evaluations  should  provide  some  insight  into  the 
effectiveness  of  these  asphalt  modifiers  in  deterring  low-temperature  cracking. 
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niis  fidd  cvaludion  was  ocMtducted  to  detennine  die  perfonnance  and 
effectiveness  of  special  graded  (arctic  grade)  asfdialt  cements  in  airfield 
pavements  that  are  subjected  to  extreme  odd  weadier  whidi  produces  severe 
diennal  cracking.  The  basis  of  diis  investigation  was  to  oon^iare  a^ihalt 
cements  qiecified  to  meet  PVN  requirements  to  standard  grade  asphalt 
canems  in  either  overlay  construction,  mw  construction,  or  full  depth  repair. 
Three  locations,  Wainwri^t  Army  Airfield,  Elmendorf  AFB,  and 
Sondrestroffl  Air  Base,  were  sdected  for  site  inflection  and  material 
evaluation  (Figure  2).  These  airfidd  pavements  contained  a  wide  range  of 
pavemenc  types,  asphdt  cements,  and  construction  mediods.  At  eadi  site,  a 
visual  inspection  was  conducted  by  die  principal  investigator  and  a  pavemmit 
condhkm  survey  was  conducted  by  a  team  from  WES  or  Tyndall  ATO.  The 
detafls  of  eadi  inflection  are  discussed  in  the  following  paragra^. 

Wainwright  Army  Airfield 

Wainwright  Army  Airfidd  (WAAF)  is  located  east  of  Fairbanks,  Alaska, 
and  is  f^iroximatdy  120  miles  soodi  of  the  Arctic  Cirde.  The  pavmimits  at 
WAAF  were  origindly  constructed  during  the  1940’s  and  1950’s.  During  die 
early  1980*s,  the  primary  pavonents  (Nmdi  Runway,  Soudi  and  North 
Taxiwi^,  Taxiways  1,  3,  4,  and  5)  were  resurfaced  or  reconstructed.  A 
layout  of  die  pavement  facilities  at  WAAF  is  shown  in  Figure  3.  The 
pavements  inflected  and  saqiied  Gtems  1-7)  are  listed  and  described  in 
Table  1. 

In  July  1988,  a  site  visit  was  conducted  by  die  princ^ial  investigator  to 
inflect  die  airfidd  pavements  to  determine  die  present  surface  condition  and 
tti  sdea  sanfile  locations.  This  visud  inflection  rafdiasized  diennal 
cracldh^  (Mvemeid  distresses.  The  oack  spacing  and  widdis  wm  detmnined 
and  a  rabjective  rating  of  die  overdi  surface  condition  was  made.  During 
Ai^ust  1989,  a  WES  evduatKm  team  conducted  a  pavemoit  condition  survey 
of  WAAF  (Harrison  1990).  The  Pavement  Condition  Ind«  (PCI)  results  for 
diis  inspection  are  listed  in  Table  2. 
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Figure  2.  Locations  of  cold  weather  airfield  pavements 


I.  Layout  of  airfield  pavements  at  WAAF 
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Table  2 

Pavement  Condition  Survey  Reeulta  (Harrison  1990) 
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Itam  1 


Item  1  is  located  in  the  center  portion  of  the  North  Runway  and  is  an 
asphalt  overlay  (4  in.)  placed  over  a  cracked  and  seated  PCC  pav«nent 
(6  in.).  The  asphalt  cement  used  in  this  asphalt  overlay  was  a  standard  grade 
AC  S.  The  surface  condition  of  this  pavenumt  was  go^  to  very  good.  The 
transverse  cracks  in  diis  pavemnit  iton  were  spaced  60  to  80  ft  apart  with 
crack  widths  less  than  1/2  in.  The  longitudinal  construction  joints  had 
opened,  but  were  sealed.  Some  transverse  cracks  in  the  asphalt  overlay 
extended  into  the  Moulder  and  were  caused  by  "earth”  or  "ground”  cracks. 
These  soil  cracks  occur  under  intense  cold  conditions  due  to  tentperature 
induced  volumetric  changes.  A  typical  transverse  crack  in  Item  1  is  shown  in 
Figure  4. 

The  WES  evaluation  team  rated  this  pav^ent  item  very  good  with  an 
average  PCI  rating  of  77.  The  major  type  of  pavement  distress  was  low  to 
medium  severity  transverse  and  longitudinal  cracks.  The  PCI  rating  had  only 
decreased  3  points  since  the  last  evaluation  in  1984. 

Item  2 

Item  2  is  located  at  the  west  end  of  the  North  Runway  and  was  overlaid  m 
1982  wid)  4  in.  of  asphalt  concrete  using  standard  grade  AC  5.  The  surface 
condition  of  this  pavement  was  also  good  to  very  good,  but  it  was  evident  that 
this  item  contain^  more  random  cracking  dian  Item  1.  The  transverse  cracks 
were  tq)proximately  1/2  to  3/4  in.  wide  and  spaced  30  to  SO  ft  iq)art.  Some  of 
these  cracks  were  reflected  and  not  thermally  induced.  Typical  cracks  in 
Item  2  are  shown  in  Figure  5. 

The  WES  evaluation  team  rated  this  pavement  item  very  good  with  a  PCI 
rating  of  78.  This  same  item  had  received  a  PCI  rating  of  80  in  1984. 

Item  3 

Item  3  is  located  in  Taxiway  1  N/S  at  die  east  end  of  the  airfield.  The 
pavemrat  was  reconstructed  in  1983  and  had  a  total  pavement  thickness  of 
30  in.  The  wearing  surface  was  4  in.  of  asphalt  concrtte  produced  widi  araic 
grade  AC  2.5.  The  surface  condition  of  diis  pavement  was  excellent.  There 
was  only  one  transverse  crack  (1/8  in.  wide)  in  this  1,000  ft  section 
(Figure  6). 

The  WES  evaluation  team  rating  this  pavement  excellent  with  a  PCI  rating 
of  95.  The  only  pavemem  distress  was  low  severity  transverse  cracking. 

This  pavement  item  had  been  rated  excellent  with  a  PCI  rating  of  100  in 
1984. 
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Item  4  is  located  in  Taxiway  I  E/W  adjacent  to  the  southeast  apron.  This 
pavement  was  overiaid  in  1984  wtdi  4  in.  of  asphalt  concrete  using  arctic 
grade  AC  S.  The  surface  condition  of  this  pavemem  was  good  to  very  good. 
The  transverse  cracks  in  this  item  were  spa^  100  to  120  ft  i4>ait  and  were 
approximately  1/2  in.  wide.  This  pavement  also  contained  small  hairline 
cracks  spaced  every  SO  to  60  ft.  A  typical  crack  in  Iton  4  is  shown  in 
Figure  7. 

The  WES  evalmttion  te«n  rated  this  pavement  very  good  with  a  PCI  r^ing 
of  79.  This  pavernem  did  have  the  greatest  decrease  in  PCI  ratings  ftian  any 
other  pavonent  inqiected.  The  PCI  rating  decreased  from  100  in  1984  to  79 
in  1989.  It  was  evident  that  the  as{dialt  overlay  with  AC  S  (Item  4)  was  not 
performing  as  wdl  as  the  reconstructed  section  widi  AC  2.5  Gtem  3). 

Item  5 

Item  5  is  located  in  Taxiway  3  which  serves  as  a  connecting  taxiway 
between  die  South  Aprons  and  the  North  Runway.  This  pavement  section  was 
reconstructed  in  1983  and  had  a  total  pavonent  Sickness  of  38  in.  The 
wearing  surfKe  was  4  in.  of  asphalt  concrete  produced  with  arctic  grade 
AC  2.S.  The  surface  condition  of  diis  pavemoit  was  very  good.  The 
transverse  cracks  were  spaced  every  100  to  200  ft  with  some  as  far  as  250  ft 
apart.  The  typical  crack  widdi  was  1/2  in. 

The  WES  evaluatkm  team  rated  this  pavemoit  excdleot  with  a  PCI  r^ing 
of  90.  The  only  pavement  distress  noted  was  transverse  and  longitudinal 
cracking  at  low  and  medium  severities. 

Itam  6 

Item  6  is  located  in  the  South  Taxiway  between  die  West  and  Southwest 
^ffons.  This  pavement  section  was  reconstructed  in  1983  md  had  a  total 
pavonent  thickness  of  38  in.  The  wearing  surface  was  4  in.  of  asphalt 
concrete  produced  widi  arctic  grade  AC  2.5.  The  surface  of  this  pavement 
was  rated  fair  to  very  good.  The  transverse  cracks  were  ^aced  W  to  180  ft 
aput  and  the  cracks  were  approximately  1/2  in.  wide.  The  majority  of  the 
transverse  crada  were  low  to  medium  severity.  This  pavement  section  also 
contained  some  high  severity  cracks  (eardi  cracks)  that  were  over  1  in.  wide 
and  6  to  7  in.  deep  (Figure  8). 

The  WES  evaluation  team  rated  this  pavonent  very  good  with  a  PCI  rating 
of  83.  The  primary  pavement  distress  in  this  pavemoit  was  low  to  high 
severity  transverse  a^  longitudiiud  cracking.  The  PCI  rating  bad  decreased 
10  points  since  the  last  evaluation  in  1984. 
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Item  7  is  located  in  die  South  Taxiway  near  Aptxxi  3.  This  pavement  was 
oveilaid  in  1983  with  4  in.  of  asi^ialt  concrete  using  aicdc  grade  AC  2.5.  The 
surface  condition  of  this  pavement  was  good  to  very  good.  The  transverse 
cracking  was  similar  to  tte  other  pavement  items  with  crack  spacing  60  to  120 
ft  apart  The  typical  crack  width  was  1/2  iit 

The  WES  evaluation  team  rated  this  pavement  very  good  widi  a  PQ  rating 
of  79.  The  PCI  rating  had  decreased  11  points  in  S  years.  The  primary 
pavemem  distress  was  noted  to  be  low  to  high  severity  transverse  and 
longitudinal  cracking. 


Figure  4.  Typicel  transverse  crack  in  item  1  (North  Runway) 
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Figure  7.  Typical  transverse  crack  in  Item  4  (Taxiway  1  E/W) 


Figure  8.  High  severity  transverse  crack  in  Item  6  (South  Tax'iway) 
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Elmandorf  Air  Force  Base 


Etaneodoif  AFB  is  located  north  of  Anchorage,  Alaska,  and  is 
rqjfmximately  375  miles  south  of  the  Arctic  Qrcle.  The  pavemoits  at 
Hmendorf  AFB  were  origitudly  constructed  during  die  1940's  and  1950’s. 
During  the  late  1970’s  and  early  1980’s,  die  runways  and  parldrig  apitms  were 
resurfaced  or  reconstructed.  A  layout  of  die  pavonent  facilides  at  Bmendotf 
AFB  is  shown  in  Hgure  9.  The  pavements  inqiected  and  sampled  (Items  1-3) 
ate  listed  and  described  in  Table  3. 


Tables 

Deecrtptlon  of  Pavement  Kerne  Evaluated  at  Elmendorf  AFB 
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2 
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Full  daptt)  fBconsttucden 

EasHvaat 

riMMay 

1678 

10 

AC  2.5 

Asphalt  overlay 

In  July  1988,  a  site  visit  was  ccmducted  by  the  principal  investigator  to 
determine  the  current  surface  condition  of  the  airfield  pavements  and  to  select 
sample  locations.  This  visual  inspection  em^duisized  thermal  cracking 
pavement  distresses.  The  crack  spacing  and  crack  widths  were  determined  and 
a  subjective  rating  of  die  overall  surface  condition  was  made.  During  August 
and  Iteptember  of  1989,  a  pavement  evaluation  team  fiom  Tyndall  AFB 
conducted  a  nondestructive  airfield  evaluation  that  induded  a  visual  survey  of 
each  pavement  feature  (Buncher  et  al  1990).  This  evaluation  was  a  qualitative 
assessment  of  the  surface  conditions  and  was  based  on  random  counts  of  major 
distresses. 

Item  1 

Item  1  is  located  in  the  East-West  ipon  adjacem  to  the  PCC  parking  tqiron. 
The  asidialt  pavements  in  this  iqiron  were  eidier  an  asidialt  overlay  or  a  fuU 
depth  reconstructioa  The  20  ft  of  asjdialt  pavement  adjacent  to  the  PCC  sldis 
were  reconstructed  in  1985  and  surfaced  with  3  in.  of  asphalt  concrete 
produced  with  arctic  grade  AC  5.  The  remaining  apron  pavement  was  oveilaid 
that  year  with  the  same  asfdialt  concrete.  The  surface  condition  of  this 
pavmnent  was  good  to  excellenL  The  reconstructed  section  cmitained  no 
cracks  and  was  in  excellait  condition.  The  section  of  Item  1  tiiat  was  an 
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I.  Layout  of  airfield 


ispludt  ovolay  contained  tnunvose  cracks  that  occuned  eveiy  40  ft  and 
Ungitudlnal  cracks  dtat  occurred  on  the  constntction  joints.  These  transverae 
cradcs  were  q)iMDximatdy  1/2  to  3/4  in.  wide  and  ^)peared  to  be  reflected 
from  the  undeiiying  PCXT  pavement  (Figure  10).  Typical  pavemem  conditicHis 
for  the  a^shalt  overiay  and  full  depdi  reoonstraction  are  shown  in  Hgures  10 
duDugh  12. 

The  Air  Fbioe  pavement  evaluatkm  team  rated  this  pavement  item  veiy 
good  to  excellenL  Ihe  mphalt  suifsoe  adjacent  to  the  PCC  slabs  was  rat^ 
excellent  t^iile  the  remaii^  asphalt  overlay  was  rated  very  good.  The 
primary  pavement  distress  was  low  to  medium  severity  transverse  and 
kmgitudirud  cracking. 

Ksm  2 

Item  2  is  located  in  the  North-South  A[Hon  adjacent  to  the  F15  PCC 
parking  qrttm.  The  asphalt  pavemoit  was  reconstmcted  in  1981  with  a 
pavemem  ccmsisting  of  a  6  ia  base  and  a  3  itt  wearing  surface.  The  asphalt 
wearirtg  surface  was  produced  with  standard  grade  AC  S.  The  surface 
condition  of  this  pavemem  was  good  to  very  good.  The  transverse  cr»:ks 
were  spaced  60  ft  q>art  and  were  1/2  irt  wide.  A  typical  crack  in  Item  2  is 
shown  in  Figure  13. 

The  Air  Fbrce  evaluation  team  rated  this  pavonem  good  to  very  good.  The 
primary  distresses  were  shrinkage  (thermal)  cradcs  and  longitudinal  cradts  at 
the  ccmstruction  joints.  Alligator  cracks  were  noted  along  the  AC/PCC 
interface  and  were  determined  to  be  caused  by  a  loss  of  base  support 

Ham  3 

Item  3  is  located  in  the  center  portion  of  tiie  East- West  Runway  and  was 
overlaid  in  1978  with  an  asi^t  concrete  overlay  (3  ia)  using  AC  2.5.  The 
surface  cmidition  of  this  pavemem  was  very  good  to  excellent  The  transverse 
cracks  were  spaced  60  ft  apart  and  were  1/4  to  1/2  ia  wide.  The  longitudinal 
constraction  joints  had  opoied  to  ty)proximatdy  1/2  ia  This  pavmnem  section 
did  not  have  any  randmn  cracks  which  was  considered  a  remarkable  condition 
after  10  years  of  extreme  cold  weather.  A  Q^cal  transverse  crack  across  die 
east-west  runway  is  shown  in  Hgure  14. 

The  Air  Fbrce  evaluation  team  rated  this  pavemmit  very  good  in  1989.  The 
major  distresses  were  longitu^nal  construction  joints  and  transverse  shrinkage 
cracks. 
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Figure  10.  Transverse  crack  reflected  from  underlying  pavement  (Item  1) 


Figure  1 1 .  Typical  transverse  crack  in  asphalt  overlay  section  in  item  1 
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Figure  12.  No  cracks  in  reconstructed  section  of  Item  1 


Figure  13.  Typical  longitudinal  crack  in  Item  2 
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Figure  14.  Typical  transvaree  crack  ki  Item  3 
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Sondrestrom  Air  Base 


Skmditstiom  Air  Base  is  located  on  die  southwest  coast  of  Greenland 
^tproximately  80  miles  noith  of  the  Arctic  Circle.  Sondrestrom  AB  is 
surrounded  by  two  ice  cr^s.  the  Greenland  Ice  Cap  and  the  Sukkeitopper  Ice 
Ann.  The  cold  weadier  in  Sondrestrom  AB  is  extremely  harsh  on  the  airfield 
pavements.  The  airfield  pavements  at  Stmdrestrom  AB  were  originally 
ctmstructed  in  \9A2  and  were  expanded  during  the  1950*s.  From  1985  to  1988 
aU  the  primary  pavements  were  resurfaced  or  rectmstructed.  A  layout  of  the 
pavement  ficfflties  at  Sondrestrom  AB  is  shown  in  Figure  IS.  The  pavonents 
inflected  and  samided  (Items  1-3)  are  listed  and  described  in  Table  4. 

In  June  1988,  a  site  visit  was  ctmducted  by  the  princq^^  investigator  to 
inspect  die  airfield  pavements  to  determine  die  current  surface  condition  and  to 
select  sample  locations.  This  visual  inspection  emphasized  dieimal  cracking 
pavement  distresses.  One  year  later  (1989),  a  pavement  evaluation  team  from 
Tyndall  AFB  conducted  a  nmidestructive  pavemem  evaluation  for  each 
pavanent  feature  (MiUard  et  al  1989). 


Table  4 

Description  of  Pavement  Items  Evaluated  at  Sondrestrom  AFB 


H 

Loeadon 

Oonatntolioii 

Year 

Pavtenant 

Aoeat 

liMpaelton 

(yaara) 

Aaphalt 

Type 

Deacrlption  | 

Runway  weal 
end 

1965 

3 

AC  2.5 
arctic 

grade 

Full  depth  1 

reconstrueticn  | 

a 

Runway 

interior 

1966 

2 

ACa5 

arctic 

grade 

Asphalt  overiay 

3 

East 

Taxkmv^ 

Maintenance 

Apron 

1967 

1 

AC  2.5 

arctic 

grade 

Full  depth 
reconstruction/ 
asphalt  overlay 

Item  1 

Item  1  is  located  at  the  west  end  of  Runway  1 1-29.  This  pavement  was 
reconstructed  in  1985  with  a  total  pavement  thickness  of  24  iiL  This  flexible 
pavement  included  6  in.  of  nonfirost  susceptible  (NFS)  base  course  and  4  to 
6  in.  of  as]dialt  concrete  produced  with  arctic  grade  AC  2.5.  The  surface 
condition  of  this  pavement  was  good  to  very  good.  The  only  pavemem 
distress  in  this  item  was  transverse  craddng  and  longitudinal  construction 
joints  opening.  The  transverse  cracks  were  spaced  75  to  100  ft  apart  and  were 
1/2  in.  wide.  There  were  some  random  cracla  (1/4  in.  wide)  tiiat  had 


26 


Chapter  3  Site  lnspectior» 


dtvdqped  bfliwm  the  tmisv«ne  cnda  and  wm  te  flm  signs  of 
cosklaf.  A  Qrpicd  longitudinal  cnck  is  shown  In  Rguie  16. 


The  Air  Foioe  evstiuiloo  ten  rased  dds  pavemeos  very  good  in  1989.  The 
mi^or  pavement  diatiesg  was  noted  to  be  trsnsveiae  and  longitndinal  craddng 
caused  by  dtermal  dubdeage  of  the  asphalt  pevemenL 


Item  2  is  locsied  in  the  imedor  of  Runway  11-29  ad  was  oveilaid  in  1986 
widi  3  to  6  hi.  (tf  aqdudt  ooQciete  produced  with  the  same  arctic  gnde 
AC  2.5.  Prior  to  the  asphalt  oveday,  extensive  crack  repair  and  ciadc  sealing 
was  performed.  The  surfooe  cooditian  at  the  time  of  inspection  was  good.  It 
was  evident  that  all  of  die  repaired  cracks  had  r^iected  tfarou^  the  new 
ovmiay.  These  cracks  were  primarily  transverse  and  q«ced  60  to  100  ft  qiart 
ad  141  to  1  in.  wide.  A  tyidcal  crack  fiom  the  interior  of  the  runway  is 
diown  in  Rgure  17. 

The  Air  Force  evduatkm  ten  also  rated  diis  section  good  and  noted  that 
die  predominant  distress  was  transverse  and  longitudinal  cradcs.  The  severity 
of  diese  cradcs  varied  from  low  to  Ugh. 

Hems 

Item  3  is  located  in  portions  of  die  East  Taxiway  and  the  Maintenance 
Aptoa.  The  aqihalt  pavements  in  tUs  item  were  ccmstnicted  in  1987  as  either 
a  asphalt  oveday  ^ast  Taxiway)  or  full  dqidi  leoonstiuctitm  (Maintenance 
Apron).  The  full  dqidi  reconstruction  inducted  a  nm-ftost  susoepdUe  (NFS) 
base  course  and  6  to  9  U.  of  aqihah  concrete  ixoduoed  with  arctic  grade  AC 
2.5.  The  asphalt  ovolay  (3  to  6  U.)  on  die  east  taxiway  was  crastiucted 
during  the  srune  summer  using  the  same  aqihalt  coictete  mateiiaL  The  surface 
condition  of  die  ftrO  dqUi  leconstruction  area  was  Mcdtent  (no  cradcs)  while 
die  surfooe  oonditioa  of  the  overlay  was  very  good.  The  difference  in  these 
two  pavanots  was  reflected  transverse  and  longitudinal  cradcs  (1/8  in.) 
nominal  width  in  the  aqihalt  overlay  seetkm.  Topical  pavement  conditions  of 
dds  itnn  are  shown  in  Figures  18-19. 

The  Air  Force  pavement  evaluation  team  also  rated  this  pavement  very 
good  in  1989  and  noted  that  longitudinal  and  transveise  ctaddng  were  the 
ptfmaty  pavemem  distresses. 
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Figure  16.  Typical  longitudinal  crad(  in  west  end  of  njnway  (Item  1) 


Figure  17.  Typical  transverse  crack  (reflected)  in  interior  portion  of  mnway 
(Item  2) 
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4  Materials  Evaluation 


FWd  tallies  (4  to  6  In.  dlnnetor  ones)  were  taken  at  each  aiifidd 
locaikto  from  the  adected  pavement  items  ao  that  in  place  material  propertiea 
cmdd  he  detomiined.  The  iaboratoiy  evaluatkm  was  focuaed  on  die  a^halt 
upd  ritiw  thfat  study  primarily 

on  thermal  atimaea  and  craddog. 

Hdd  axes  from  eadi  item  were  tested  widi  die  fallowing  laboratoiy 
procedures.  The  ddckneas  and  density  of  eadi  one  were  detennined.  Then, 
die  oom  representing  a  paiticoltf  ibm,  always  separating  die  surface  and 
intermediato  layen,  were  trimmed  and  ounbined  to  produce  a  iquesentative 
aqidialt  mixture  sample.  The  asphalt  mixture  was  then  extracted  using  test 
medmd  ASTM  D  2172  to  separate  die  i^gr^ate  and  a^ihalt  cement  and  to 
delBimine  die  aqdudt  oontem.  The  recovered  aggr^ates  were  used  to 
determine  the  aggregtoe  gradmiaa  using  tat  mediods  ASTM  C  117  and 
C  136.  The  asphalt  cement  was  dwn  recovered  using  the  Abson  recovery 
procedures  (ASIM  D  1836).  The  lecovoed  aqdudt  cements  were  tested  to 
dmennined  die  penetration  (A9IM  D  3),  softening  point  (ASTM  D  36), 
IdiiematiG  viacosiQf  (ASTM  D  2170)  and  absolute  viscosity  (ASTM  D  2171). 

The  aqihalt  cement  test  results  were  used  to  determine  the  tentyerature 
susoqitibittty  of  die  aqihalt  cement  by  calculating  the  Pen-Vis  Number  (PVN) 
and  die  Penetration  hi^  (PI).  PVN  was  calculated  using  die  following 
fbtimila: 

PVN  a  (-1.3)  fL-Xl 
(L-M) 

udime: 

X  a  log  (kinematic  viscosity  273*F) 

L  a  4.23800 -0.79674  dog  (pen  ®77D] 

M  a  3.46289 -0.61094  (log  (pen  @77*F)] 
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n  »  8.iO-lQte(r77/P??) 

0.42  +  k«(P77/P39) 

where: 

P77  ■)  penetntioQ  ®  77*F 
P39  »  peaBtntioD  ®  39T 


Wainwright  Army  Airfield 

Six-hL  field  cores  were  taken  Alaska  District  personnei  during  August 
198S  ud  riiipped  to  WES  fiir  labmaiDiy  testing.  A  summary  of  the  aqthalt 
coDcrele  mixture  properties  are  listed  in  Table  5.  The  test  results  indicated  that 
the  properties  of  fire  aqihalt  concrete  mixture  were  adequate  for  a  quality 
air&ld  pavement.  The  only  material  property  foat  was  consisteiitly  outside  the 
recommended  ^reciflcations  was  the  minus  No.  200  material  These  values 
were  above  die  maximum  limit  of  6  percent  and  could  cause  die  aqihalt 
cement  to  be  less  ductile  and  to  sdffeiL 

The  values  of  die  recovered  asphalt  cement  jmipetties  are  listed  in  Table  6. 
The  penetration  and  viscority  test  results  indicated  diat  diese  asphalt  cements 
had  hardened  and  stiffened.  The  calculated  PVN  values  for  the  recovered 
aqidialt  cements  are  drown  in  Figure  20.  Ihe  PVN  vtdues  are  all  bdow  the 
minimum  criteria  for  severe  ccrid  climates  (-0.2),  but  die  arctic  grade  asphalt 
cements  for  Items  3-7  do  med  the  PVN  requirements  for  moderate  cold 
climates  (-0.S).  There  was  a  significant  di&raice  between  PVN  values  when 
comparing  standard  grade  asphalt  cemenm  (PVN  » -1.3)  to  arcdc  grade  asphalt 
cements  (PVN  « -0.4).  The  PI  values  averted  5.8  for  die  standard  grade 
aqdialt  cements  and  6.9  for  the  arctic  grade  asi^t  cements. 
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Tables 

Summary  of  Aaphalt  Concrete  Propertlea  •  Walnwright  Army 
Airfield 


Stae 

AliliaM 

8p#09 

Item 

1 

tam 

2 

Ham 

3 

Item 

4 

CT 

Hem 

6 

Ham 

7 

3/4  in. 

100 

100 

100 

100 

100 

100 

100 

100 

1/2  in. 

82M 

8^3 

87.0 

80.6 

81.1 

84.8 

830 

831 

3«in. 

7^ 

87.2 

81.5 

80.0 

83.3 

86.7 

K.B 

85.5 

No.  4 

SO-TS 

70.1 

74.3 

58.6 

66.2 

64.2 

63.0 

64.1 

No.e 

46«> 

60.8 

63.8 

44.2 

48.3 

46.8 

47.8 

47.8 

No.  16 

3448 

38.2 

41.8 

35.1 

38.2 

36.5 

36.1 

37.5 

No.  30 

24-38 

3Z4 

34.8 

28.5 

33.2 

30.4 

333 

31.3 

No.  50 

1fr27 

231 

24.6 

21.8 

24.4 

22.1 

23.8 

238 

No.  100 

8-16 

11.7 

11.8 

11.1 

11.5 

10.7 

11.6 

11.5 

No.  200 

34 

73 

7.7 

6.7 

6.6 

6.4 

6.8 

6.8 

AC  oontant(%) 

5.8 

6.8 

4.7 

5.0 

5.0 

6.0 

5.1 

Dust/AC  lafe 

138 

1.33 

1.43 

132 

138 

1.38 

1.35 

Thickness  (in.) 

2.0 

1.8 

2.3 

2.3 

2.8 

2.4 

2.4 

Density  (pel) 

146.8 

146.8 

143.3 

148.7 

146.6 

150.2 

148.7 

Table  6 

Recovered  Asphalt  Cement  Properties  •  Walnvirright  Army 
Airfield 


Material 

Property 

o 

Ham 

2 

Hem 

3 

Hem 

4 

o 

Item 

6 

Item 

7 

Penetration  38^ 

25 

18 

47 

47 

48 

57 

46 

TTP 

65 

48 

82 

85 

84 

115 

103 

VisoosiV  140T 

1426 

2311 

1612 

2106 

1856 

1398 

1544 

27ST 

257 

315 

358 

408 

376 

331 

347 

Softening  Point  (*F) 

117 

122 

115 

118 

117 

113 

115 

PVN 

-1.3 

-1.3 

•0.5 

-0.4 

-0.4 

-0.3 

•0.4 

PI 

6.1 

■a 

6.8 

7.2 

6.8 

6.8 

6.6 
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Figure  20.  Pen-Vis  Numbers  (PVN)  for  asphait  cements  at  Wahiwrigtit  Army  Airfieid 


Elmendorf  Air  Force  Base 


Two  asphalt  concrete  field  cores  (6  ia  diameter)  were  taken  in  each  of 
these  items  at  Elmendoif  AFB.  AK  by  Alaska  District  personnel  and  shiiq)ed 
to  WES  for  laboratoiy  testiog.  In  Items  1  and  1,  the  field  cores  were  taken 
within  20  ft  of  foe  PCC  paridng  qntm  in  the  fiiU  depth  reconstraction  area.  A 
summary  of  foe  asphalt  concrete  mixture  i»opeities  are  listed  in  Talde  7.  The 
test  results  indicated  foat  the  asphalt  concrete  mixtures  were  adequate  for 
aiifidd  pavements.  Again,  foe  only  aggregate  property  foat  was  consistently 
outside  foe  tecmnmended  qrecificiukm  was  foe  miW  No.  200  material.  All 
samples  had  mituis  No.  200  material  above  the  6  percent  limit  with  hern  2 
containing  extremely  hi^  minus  No.  200  values  (8.4  and  10.1  percent).  These 
hi^  fine  ccmients  could  be  detrimental  to  the  quality  of  foe  pavement  by 
stiffenittg  foe  aqfoaU  cement  and  fous  increasing  foe  potential  for  low- 
temperature  craddng. 

The  values  of  foe  recovered  asphalt  cement  properties  and  foe  asjfoalt 
properties  of  foe  original  a^foalt  cement  for  Items  2  and  3  are  listed  in 
Table  8.  The  original  asphalt  cement  property  values  were  taken  fiom  job- 
mix-formula  test  data  provided  by  foe  U.S.  Amy  Engineer  District.  Alaska. 

The  penetration  and  viscosity  test  results  indicated  foe  a^foalt  cements  had 
hardened  with  Item  3  having  foe  differ  asjfoalt  cement  material.  The 
penetration  values  for  foe  recovered  aqfoalt  cements  have  been  reduced  by  SO 
to  7S  percem  vriien  compared  to  the  origfoal  asjfoalt  cement  property  values. 
The  cdculated  PVN  values  for  the  recovered  aqfoalt  cements  and  foe  original 
a^dialt  cements  are  Shown  in  Figure  21.  All  the  PVN  values  are  less  than  -0.7 
arid  do  rx)t  meet  foe  requirements  stated  in  ETL  1110-1-139  for  cold  dimates. 
The  philosoifoy  foat  foe  PVN  value  does  not  change  with  age  Qieating.  mixing, 
and  service)  is  substantiated  with  the  data  ftcm  Items  2  and  3.  The  PI  values 
average  6.0  for  the  arctic  grade  AC  5,  S.7  for  foe  standard  grade  AC  5  and  6  J 
for  foe  AC  2.S. 
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im§7 

Summary  of  Aaphalt  Concraie  Properttoa  •  BmenOorf  AFB 


1  **** 

oSi 

Sampla 

1 

Sampla 

1 

1. 

3/4  In. 

100 

100 

100 

100 

100 

100 

100 

1/2  bi. 

8^86 

86.4 

80.6 

86.5 

84.4 

86.3 

83.2 

a«in. 

7M6 

86.7 

8^4 

87.1 

88.3 

86.0 

84.2 

No.  4 

68-73 

64.6 

61.2 

71.8 

72.0 

68.0 

7^6 

No.  8 

46«> 

48.1 

47.1 

60.8 

58.7 

52.6 

54.4 

No.  16 

3448 

35.0 

34.6 

40.1 

38.7 

38.5 

38.4 

No.  30 

24-38 

26.6 

25.8 

26.8 

27.8 

2a8 

28.0 

No.  50 

15-27 

17.2 

17.4 

17.8 

18.7 

18.6 

18.2 

No.  100 

8-18 

10.3 

10.5 

12.0 

13.8 

11.8 

10.6 

No.  200 

3-6 

6.7 

6.8 

6.4 

10.1 

7.0 

7.1 

Asphalt  oonlMit(%) 

5.5 

5.3 

6.7 

6.0 

6.5 

6.7 

Oust/AC  ralio 

1.22 

1.30 

1.47 

1.68 

1.06 

1.06 

Thicknass  (In.) 

2.5 

2.0 

16 

3.0 

1.5 

Oansity(pc() 

147.8 

150.4 

162.2 

150.8 

160.1 

151.0 

Tables 

Recovered  Asphalt  Cement  Propertlee  •  Elmendorf  AFB 
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Item  2 


Items 


Sonifr0«trom  Air  Bate 

In  plaoe  pcvemem  sunides  were  obtained  by  tfae  paving  oontractDr, 
Siipaiot,  diuing  June  1988  and  shipped  to  WES  for  evaluaticm.  Three  field 
cores  (4  in.  diameter)  were  taken  at  both  samide  locatitms  in  Items  1  and  3. 
The  sample  locatitms  were  located  in  the  full  dq)di  rectmatniction  areas  of  die 
Runway  and  Maintenance  qmxL  A  summary  of  the  asphalt  ccmcrete  mixture 
properties  are  listed  in  Table  9.  The  asphalt  cores  were  sqNurated  between  lifts 
to  evaluate  die  imeimediate  and  surface  course  layers  separately.  The  test 
results  indicated  die  properties  of  the  asidult  ccmcrete  mixture  were  adequate 
fmr  airfield  pavements.  The  aggregate  gradatiras  of  diese  fidd  cores  also 
indicated  excessive  minus  No.  200  material  widi  most  values  greater  dun  7.0 
percent 

The  values  of  die  recovered  asphalt  cement  inoperties  and  the  original 
a^dult  cement  for  Items  1  and  3  are  listed  in  Table  10.  The  original  asphalt 
cement  prt^ietty  values  were  taken  fiom  job-mix-formula  test  data  provided  by 
die  proj^  contractor.  The  penetration  and  viscosity  test  results  indicated  that 
die  asfdult  cement  properties  had  hardened  and  stifFoied  with  time.  The 
penetration  values  for  Item  1  (3  years  old)  were  lower  than  Item  3  (1  year  old) 
and  die  viscosity  values  for  Item  1  were  fofdter  than  Item  3.  The  calculated 
PVN  values  for  the  recovered  asphalt  cements  and  the  original  asphalt  cements 
are  shown  in  Hgute  22.  The  PVN  values  are  all  below  die  minimum  criteria 
for  severe  cold  climates  (-0.2)  and  averaged 

-0.6.  The  PVN  values  fiom  the  recovered  asidialt  cements  varied  ^gfady  fiom 
the  (uiginal  aqihalt  cement  with  the  ir^lace  materials  having  lower  PVN 
values  and  being  more  temperature  susceptible.  The  PI  value  averaged  6.6  for 
Item  1  and  6.4  for  Item  3. 
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Table  10 

Recovered  Aaphalt  Cement  Properties  >  Sondrestrom  Air  Base 
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Figure  22.  Ptn-ViB  Numbere  for  nphatt  cements  at  Sondrestrom  Air  Base 
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5  Uncertainties  of 
PVN  Criteria 


As  BMBdaBed  in  tiiis  iqjxxt.  the  PVN  eiiieiia  was  originally 
ciOAiiriiBd  in  r^— *****  at  a  of  duunctariatag  die  ten^pNanue 

«*r  MBilnarf  ftwm  CHlde  Ofl  awirpfffi 

UDier  icwapoiuiHiii  agencaia  wnnni  ine  unneQ  sunat  mciuoiug  moae 
lepaeaendog  the  U.  S.  Amy  Ooipa  of  &iflineeai,  hawe  adopted  the  PVN 
criteria  fbr  me  in  veiy  cold  cibnaiea  «*g^»»n*—  of  the  — p*****  oeniem'a  erode 
attaomee.  Initial  eaq^rience  haa  riiown  dm  the  PVN  criteria  has  been 
henefldai in aeveiai mflitaiy airfield pawement appiicariona.  Someieoent 
(ogiftricnora  in  the  laboialofy  and  in  the  field  have  higbli^agd  tome  potential 
pnhleBM  iridi  the  PVN.  Pen-via  mnnben  md  die  pl^sical  piopeitiea  diey  are 
fateoded  to  repreaent  have  been  found  to  be  suacqxiMe  to  distortion  when  the 
aaphdt  cement  ia  modifled  widi  adcfidvea. 

Laboratory  Studies 

Pfen-Via  mnttben  were  calculated  ftv  modified  asphalt  cements  containing 
athfidvea  in  a  recent  aiody  conducted  at  WES  for  die  U.  S.  Air  Force 
(Andenon  199Q).  Three  different  AC-20  grade  asphalt  cements,  each  with 
<fifferent  leveb  of  meaamabie  tenqienaure  aoscqaibility,  were  modified  widi 
fimr  diffeieat  adtfidve  materids.  Tberesultaofdieae  teats,  listed  in  Table  11, 
raise  acme  inyortmt  geesdons  about  die  vaUdiQr  of  PVN  values  when  die 
agphalt  oenrent  is  modified  widi  adeddves. 

It  woidd  appear  fiom  die  data  in  Table  11  that  widi  die  exceptkm  of  die 
oaddant  nuMfifier,  die  tempentture-auaoqxiMUty  of  different  quality  aqihalt 
cements  cm  be  significandy  reduced  duou^  modification  widi  additives. 

This  peendae  is  improven  in  dte  fidd  and  is  refilled  by  several  recent 
lahoattsy  ahuHes  (Ooodridi  1990  md  RoUiiigg  1994).  Recent  iimovadans  in 
Uboiaiory  equ^wient  designed  to  meesure  the  riiedt^ical  pn^ities  of  aqihalt 
ceeMots  at  low  service  tempennaes  have  bdped  to  died  more  light  on  dlls 
fesne. 


Thbfoil 

Ptfi-VIt  Numbtrt  from  U8AF-WES  ModNIor  Study 
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In  Us  iqxm  for  a  majw  aqfoalt  pioducer  in  foe  United  Stales  (Goodridi 
1990),  Goodiidi  concludes  that  "above  atxwt  10  deg  C,  the  propeities  of 
modilied  aqiiialt  are  influenced  die  modifler.  Below  about  10  deg  C  the 
pnqwities  of  the  modified  asphate  are  dominated  by  die  base  aqihalt  its^." 
This  imiflies  that  the  expected  increase  in  PVN  fiom  modificadrai.  as 
suppoited  the  data  in  Table  11,  has  little  if  anydiing  to  do  with  actiwi 

low-temperature  pavemem  peifonnance.  This  further  implies  that  an  aqdialt 
cement  with  an  unaccqttaUe  PVN  value  can  be  modified  widi  any  numbor  of 
additives  so  dut  die  PVN  value  is  accqptaUe  without  sigUficandy  altering 
low-temperature  petfoimance.  This  could  become  a  serious  deficiency  in  the 
use  of  PVN  crit^  in  the  near  future  as  asi^t  producers  become  more 
familiar  widi  asphalt  modifiers  and  dieir  maiketing  advantages. 

The  ccmclosions  cited  by  Goodridi  regaixling  die  ineffectiveness  of  asphalt 
modification  on  low-temperature  pavement  propeities  is  supported  by  sii^ar 
research  conducted  at  WES  and  ratted  by  Rollings  (Rollings  1994). 
Numerous  theological  tests  have  been  conducted  at  WES  (m  various 
comUnttions  of  asphalt  conents  and  modifiers  using  die  dynamic  riiear 
rheometer  (DSR).  Figure  23  is  a  tyftical  gnqMcal  rejsesentation  of  a  series  of 
DSR  tests  desigi^  to  detennine  die  effects  of  various  levels  of  modificaticm 
(m  a  cmnmon  asphalt  cement  Aldiou^  die  reference  temperature  is  held 
omstant  fin*  dl  tests  at  10  deg  C,  the  fiequency  range  can  be  used  to  diiecdy 
idate  to  temperature.  In  this  case,  die  low-fii^uency  range  relates  to 
hiflh-temperature  performance  and  the  higb-frequency  range  relates  to 
low-temperature  performance.  The  storage  modulus  (GO  of  the  aqdialt  cement 
is  primarily  a  measure  of  the  elastic  response  of  die  material  to  an  imposed 
dynamic  load.  Storage  modulus  should  be  lugher  in  die  low-frequency  (tugh 
temperature)  range  to  iminove  deformation  resistance  and  lower  in  the 
higb-fiequency  (low  temperature)  range  to  reduce  stiffoess.  Figure  23  clearly 
shows  die  implied  performance  improvements  imparted  by  a^^halt  modification 
to  be  much  greater  in  the  high-temperature  range  than  in  die  low-temperature 
range.  Furdier  laboratory  studies  and  fidd  tests  should  determine  the 
dgnificance  of  these  storage  modulus  differences.  Initial  indications  fiom 
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Figure  23.  Storage  modulus  versus  frequent  for  various  levels  of  asphalt 
mocfification 


Reid  Experience 

In  1992,  WES  conducted  a  laboiattny  forensic  evaluation  of  asphalt  cement 
and  aqjhalt  cracrete  samfdes  from  Eielm  AFB,  AK  (Andeiton  and 
Lewandowsld  1992).  The  aqihalt  samples  reisesented  materials  from  an 
airfield  parking  qnon  diat  was  ejqreriencing  thermal  cracking  problems  one 
year  after  coostruction.  The  oonsfructkm  ^)ecificati(ms  used  for  tins  project 
induded  foe  PVN  arctic-grade  aqihalt  cemem  lequiremenL  Several  factors 
prompted  foe  U.S.  Army  Engineer  District,  Alaska  to  request  foe  forensic 
evaluation: 


CtMplwS  UnoatWbUiwofPVNCitiwta 


a.  AImIu’i  experience  with  arctic-grade  aqjtaalt  cements  suggested  that 
thennal  cracking  after  one  year  of  service  was  highly  unusual 

b.  Other  aqphalt  pavements  ctmstructed  at  Eielson  AFB  using  arcdc-grade 
Mphsit  cements  had  a  minimal  amourn  of  thermal  cracking  after  several 
years  of  service. 

c.  During  preconstnictitm  material  evaluations,  three  separate  submittals  of 
aqihalt  cemem  were  made  by  the  omtractor  before  a  cemem  passing 
the  nUnimum  ^.20  PVN  Criteria  was  found  and  approved. 

Laboratory  tests  for  diis  forensic  evaluation  included  spectrognqrhic  and 
chromatognq^  analyses  to  determine  molecular  and  chemical  profiles  of  the 
Miyhate  cements.  Penetration  md  viscosity  tests  were  also  performed  in  order 
to  caloilate  PVN  data.  The  asphalt  cement  tested  was  recovered  from  field 
cotes  cut  frenn  the  1-yr  old  asj^t  pavemem  at  Eielson.  Additimial  PVN  data 
was  supfdled  fbr  all  three  aqj^t  cements  submitted  before  construction  for 
acceptance  testing,  including  the  aqihalt  cement  netted  to  have  been  used 
duti^  construction.  Also,  a  sample  of  the  original  aqihalt  cement  which 
passed  accqttance  testing  was  secured  for  ^rectrographic  and  chromatogrtQrhic 
evaluation. 

The  penetratitm.  viscosity,  and  PVN  data  horn  the  field  core  samples  and 
tile  preconsuiiction  submitnti  samples  are  given  in  Table  12.  A  direct 
comparison  of  the  PVN  data  is  allowable  since  PVN  is  considered  a  life  long 
fingerprim  of  a  given  asphalt  cement’s  temperature  susceptibility  (Hass,  et  al 
1987,  McLeod  1987,  Kandal  and  Koehler  1985).  This  means  that  the  PVN 
vnlue  of  a  given  asjtiudt  cement  riuuld  be  near  the  same  value  when  tested  at 
the  refinery,  after  plant  mixing  at  elevated  temperahues  with  hot  aggregates, 
and  after  years  of  service  in  the  field  as  part  of  the  pavement 
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TM12 

PVN  DMi  Prom  Eloloon  AFB 

Forensic  Eval 

uatlon 
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(0.1  am) 
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(oanlialeltaa) 

PVN 
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Praoon  2 
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-0.74 

- 

rTBOOn  9 

246 

260 

+0.27 
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03 
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-0.72 

Cora  3-8 

124 

210 

-0.00 

Cora  3-1 

135 
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-0.71 

Afloapted  as  aaphaitoenMnt  to  bauaad  during  oonatniolion.  I 

*  Coraa  tekan  in  ttiraa  araat  and  separated  into  two  iayaia  bofora  1 

teaing.  (8  -  aurfaoa  tayar,  ( -  intennadtete  or  bottom  layad  | 

By  comparing  tbe  PVN  data  in  Table  12.  it  is  easy  to  conclude  that  the 
PVN  range  of  die  fidd  cores  is  representative  of  die  PVN  range  of  die  two 
asphalt  cements  which  failed  die  prectmstnicdon  acceptance  tests.  None  of  the 
fi^  core  PVN  values  come  close  to  the  40.27  value  of  the  accepted  asidudt 
cement.  The  spectrogrqdiic  and  chromatograidiic  analyses  provided  hu^r 
explanations  for  this  discrepancy  by  idendlying  a  common  additive  in  die 
accepted  Precon  3  san^de  and  in  each  of  the  fidd  core  samples.  Ihe  amount 
of  die  additive  in  the  asfdialt  cement  was  determined  to  be  qiproximatdy  2 
percent  by  wdght  and  similar  in  chemicd  structure  to  a  linev  hydrocarbon 
acetate  (i.e.,  some  ^pe  of  petroleum-based  oil).  Alaska  District  personnd  had 
repotted  that  the  use  of  addtives  such  as  diis  is  common  practice  in  Alaska 
since  die  locd  sources  of  unmodified  as{dialt  cmnents  typically  do  not  meet  the 
-0.20  minimum  PVN  criteria. 

The  probable  scenario  at  Eielson  AFB  determined  by  this  forensic 
evduation  points  out  me  of  the  most  significam  dangers  in  using  die  PVN 
criteria.  It  seems  likdy  that  at  Eielson,  after  two  failed  submittals  of  asidialt 
cement,  someone  merdy  modified  an  otherwise  unaccqitable  asjdialt  cement  to 
meet  the  PVN  criteria.  In  such  a  case,  the  bulk  of  the  additive  would  likely 
evqxiiate  during  die  extended  Ugh-temperature  mixing  phase  of  die  hot  mix 
a^ihalt  production.  The  result  of  this  scenario  was  an  asjdialt  pavement  that 
performed  poorly  at  low  temperatures  as  the  unmodified  base  asphalt  cernem 
inoperties  would  have  predict  had  die  additive  not  been  used  to  disguise  an 
unaixeptaUe  PVN. 
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6  Conclusions  and 
Recommendations 


Conclusions 

Based  on  die  findings  of  die  litentme  review,  die  foDowing  oondusioiis 
were  made  on  the  effecdveness  of  qiecial  grade  aqdialt  oemmits  to  reduce 
diennal  cracicfaig: 

0.  Low-tempetamre  transvetse  craddng  occurs  vdien  die  ten^ierature 
induced  tensile  stress  in  the  asphalt  concrete  exceeds  die  tensile  strengdi 
of  the  a^ihalt  concrete. 

b.  Asphalt  oemem  grade  is  die  most  significant  design  parameter  for 
minimiring  low-tenqwiature  craddng  of  asphalt  pavements. 

c.  FVN  classification  is  a  widely  used  and  acoqxed  mdhod  for 
detennining  the  tempendure  susceptibility  of  an  as^dialt  cemem  in  cold 
climates. 

d.  Labmatoiy  studies  have  indicated  diat  at^ihalt  modification  does 
increase  PVN  values,  but  has  little  effect  on  low-temperature 
petfonnanoe,  Aqdudt  modificadmi  can  increase  an  unaccqitaUe  PVN 
value  and  make  an  asphalt  cemem  accqitable  according  to  the  PVN 
criteria  without  significantly  inqxoving  the  pevemem  perfonnanoe. 

Based  on  die  results  of  die  field  inflections  and  material  evahiadcms,  die 
following  oradudons  were  made  <m  die  effectiveness  of  special  grade  afihatt 
cements: 

0.  No  PVN  values  from  lecovmed  asidialt  conents  met  die  minimum 
criteria  for  severe  cold  climates  (-0.2),  but  several  asidudt  cements  did 
meet  die  minimum  criteria  fm*  moderate  cold  climates  (-0  J). 

b.  The  recovered  PVN  values  for  standard  gnute  afdudt  cements  were 
-1.3  while  the  spedal  grade  asfdult  cements  tan^  between  -0.3 
and  -0.8. 
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w«  JFbHI  QBIIHI  KVSBHBBraKHpB  BWImBBD^P  UIS  OQhBb  uKWDIBK  SDxmBv 

onadMoiii  flan  w«**fa>»^  Hmw  — niMit  ofwulav  mvaneniK  mdc 

ai|Aak  oeniatt  had  Utde  or  no  diwt  on  prevtotiiig  or  redudiig 
leHective  ciadcs. 

d.  Fbr  an  aqihalt  oveday,  die  type  of  aqjhalt  cement  does  not  have  a  great 
effect  on  pavement  surface  omditkn,  Le.,  transverse  and  longitudinal 
cracking. 

e.  PVN  vahws  for  recovered  aqihalt  cements  were  qiproximatdy  die  same 
as  PVN  values  for  die  orl^nal  asphalt  cenrents.  PVN  values  were  not 
affected  by  {dant  productitm  foeat)  and  weathering. 

/.  PI  values  for  recovered  asphalt  cements  woe  much  higher  than  ^cal 
values  for  asphalt  cements.  The  PI  values  were  affected  by  {dam 
IHoducdon  0^)  and  weadiering. 

g.  Field  eiqierience  at  Eielaon  AFB  and  related  forensic  laboratory  testing 
showed  diat  aqdudt  modificadon  can  di^uise  an  unaccqitalde  PVN 
value. 

Recommendations 

Based  on  the  condusioiis  derived  from  the  results  of  this  study,  the 
following  recommendations  are  made: 

a.  PVN  criteria  for  all  cold  weather  paving  should  be  reduced  to  -0  J. 
Sarisfactoiy  pavement  performance  has  been  achieved  in  severe  cdd 
climates  with  asphalt  cements  having  PVN  values  lower  than  -02 

b.  Asphalt  overiay  projects  should  not  be  required  to  use  PVN  criteria  but 
judged  on  site  for  specific  needs  and  costs,  since  transverse  and 
longitudinal  reflective  cracks  will  occur  before  thennal  cracks  develop. 

c.  If  PVN  criteria  are  required,  ^ledal  provisions  for  forensic  testing 
should  be  made  to  insure  asfdialt  cement  has  not  been  modified  to 
disguise  an  utuuxiqitable  a^ult  cement 

d.  Due  to  tile  advent  of  asphalt  additives  and  modifiers,  tiie  PVN  criteria 
has  become  vulneraUe  and  cannot  actequatdy  separate  temperature- 
susceptible  asphalts  fiom  non-temperature  suscqitible  asidialts. 

Resell  is  needed  to  estaUish  new  criteria  based  on  theological 
inopettfes  that  can  be  used  to  specify  the  best  a^dudt  conent  for  cold 
climates. 

e.  Additkmal  inspections  and  evaluations  should  be  conducted  to  evaluate 
Icmg  term  performance  (10-15  years)  of  these  airfield  pavements. 
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/.  New  SlOtP  ccberia  ebould  be  studied  to  determine  applicabiUty  to 
piyiiaVi  pevementt  in  coM 
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Baglnaaring  and  Daalgn 
SELECnSG  ASPHALT  CBfBHTS 

£S£BSSi*  Isttar  updataa  guidance  for  salaeting  asphalt  eaasnts  for 

pavaaent  construction  as  outlinad  In  saotlon  6-2  of  IM  5-822-8/AFM  88-6, 
Chapter  9,  "Bltunlnous  Pavaaanta  Standard  Practica'*. 

2*  AppllcabllltT .  This  latter  la  applicable  to  all  HQUSACE  alanants  and 
field  operating  actloltlaa  (POA)  having  Amy,  Air  Force  and  allltary  and  civil 
works  construction  design  responsibility. 

3.  bafarancas.  Tha  following  rafarances  provide  necessary  general  Inforaa- 
tlon,  definitions  and  design  guidance  for  pavanents: 

a.  TM  5-822-5/AIM  88-7,  Chap.  3. 

b.  TM  5-822-8/AIM  88-6,  Chap.  9. 

c.  TM  5-818-2/AIM  88-6,  ChAp.  4. 

d.  ASIM  D  946. 

e.  ASTM  D  3381. 

4.  Background.  Asphalt  casMnts  used  in  pavaaent  constructlpn  are  currently 
graded  or  elasslflad  on  tha  basis  of  two  different  systaas:  penetration  or 
viscosity.  Within  tha  continental  United  States  (COMUS),  penetration  grading 
of  asphalt  caasnt  has  bean  generally  replaced  by  viscosity  grading.  Outside 
the  continental  United  States  (OCCEIUS),  penetration  grading  of  asphalt  ceaents 
is  still  coaami.  Bacausa  of  affects  of  the  grading  systea  change  and  the 
accuaulatlon  of  aany  years  of  paveasnt  perforaance  data  base  on  the  penetra¬ 
tion  grading  systea,  this  latter  Is  needed  to  provide  guidance  in  selecting 
asphalt  ceaents. 

5.  Action  to  be  Taken.  Pending  publication  of  pemanent  aadla  guidance,  the 
criteria  provided  at  Enclosures  1  and  2  will  be  used  as  an  Interla  for  select¬ 
ing  asphalt  eeasnts.  Selection  of  asphalt  ceaent  grades  fo;r  Anqr  facilities 
in  cold  regions  will  be  coordinated  with  BQUSACE  (CEMP-ET),  WASH,  DC  20314- 
1000.  Approval  and  selection  of  asphalt  ceaents  for  Air  Force  airfields  will 
be  coordinated  with  the  appropriate  CEMP-ET  aandatory  center  of  expertise. 


This  BTL  supersedes  ETL  1110-3-^69,  28  March  1986. 
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General 


Aaphalt  cenanta  for  uae  in  pavanent  design  and  conatruetlon  are  graded  or 
claaalfled  In  one  of  two  mya.  Grading  can  be  done  on  the  baala  of  pene¬ 
tration  depth  of  a  atandard  teat  needle  Into  aaphalt  cenent  at  a  aCandard  teat 
tenperature.  The  other  aethod  of  grading  la  based  on  the  use  of  a  viscosity 
test.  Currently*  In  the  continental  Onlted  States  (CONUS)*  viscosity  grades 
of  asphalt  are  coaeon.  However*  outside  the  continental  United  States 
(OCONUS)*  penetration  grades  of  asphalt  nay  be  acre  easily  obtained.  Tables  1 
and  2  give  specifications  for  the  two  types  of  viscosity  graded  asphalts. 

Table  3  gives  specifications  for  penetration  grades.  All  three  tables  are 
from  current  standards  of  ASTH  D  3381  for  viscosity  grades  and  ASIM  D  946  for 
penetration  grades. 

Selecting  a  grade  of  asphalt  cement  should  be  based  on  several  items. 
Among  the  most  important  are  climate*  traffic  conditions*  economics  of  asphalt 
availability*  and  previous  regional  experiences.  Traffic  conditions  and  eco¬ 
nomic  considerations  will  vary  from  project  to  project*  but  environmental 
conditions  and  regional  experiences  should  have  some  similarity.  For  example* 
warm  and  hot  regions  should  have  similar  experiences  in  avoiding  unstable 
asphalt  concrete  mixes  during  the  summer  months*  and  cold  regions  should  have 
similar  experiences  In  avoiding  crack-prone  pavements  during  winter  months. 

Asphalt  Cement  Selection  by  Tenperature  Region 

Table  4  gives  guidance  for  selecting  an  asphalt  cement  by  temperature 
region.  Climatological  data  are  required  to  provide  Input  Into  the  selection 
method.  First*  average  monthly  maximum  temperature  data  are  required  to  com¬ 
pute  a  pavement  teoqierature  Index  (PTI).^  When  project  locations  have  average 
monthly  maximum  teiiq>eratures  above  75*  F  (23.9*  C),  the  PTI  is  defined  as  the 
sum  of  the  monthly  increments  exceeding  75*  F  (23.9*  C).  Conversely*  when  no 
monthly  te^>erature  exceeds  75*  F  (23.9*  C)*  the  PTI  Is  defined  as  the  differ¬ 
ence  between  the  highest  average  maximum  temperature  for  the  warmest  month  and 
75*  F  (23.9*  C).  Enclosure  2  (Exasq>le  1)  shows  an  exaaq>le  of  PTI 
coiq>utatlons. 

When  It  Is  determined  that  a  project  will  exist  In  a  cold  region*  as 
defined  in  Table  4*  additional  climate  data  are  required.  For  the  project 
area  under  consideration*  a  design  air  freezing  Index  (DFI)  Is  also  required 
to  further  satisfy  cold  region  requirements.  (Reference  IM  5-818-2/AFM  88-6* 
Chap.  4  for  determination  of  DFI.)  Cold  regions  are  areas  where  the  penetra^ 
tlon-vlscoslty  number  (PVN)  method  Is  used  to  aid  In  selecting  an  asphalt 
cement. 


^Headquarters*  Departments  of  the  Axmy  and  the  Air  Force*  Bituminous  Pavements 
Standard  Practice*  TM  5-822-8/APM  88-6*  Chap.  9. 

Enclosure  1 
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RaqulrwMinf  for  Aaplmlt  C— aot  Vl>co«lty  Grmdad  mt  140*  F  (60* 
(Grading  B— d  on  Ortj|iMi  Aariialt^ 


l«n 


KM 


S 


•o 

o 

«n 


*n 


o 

•n 

CM 


m 


m 

CM 


o 

o 


IM 

o 


m 


•  Pt 


m 

• 

e 

CM 

u 

u 

o 

* 

1  ** 

• 

• 

o  e 

u 

•n 

m 

t4  • 

CO 

CM 

o  o 

B 

Ml 

• 

—4 

wr 

H 

0 

a 

•r» 

'#• 

43  e 

M 

a  a 

B 

Pm 

o  a 

IM 

Ml 

w  u 

Pm 

0 

e 

mM 

•  a 

•  yi 

«-4  Cm 

»«  • 

e 

9  O 

a  • 

• 

■ 

U 

A*  e 

9 

a  <0-  • 

9 

m 

w« 

mM 

•9 

•  '3 

m 

e  ■ 

0  8 

B 

CM 

•  m 

«  « 

<rl 

« 

1^ 

a 

a 

• 

M  i? . 

* 

o  m 

ft4 

•  9 

mM  mM  ^ 

aa 

4J  • 

s. . 

^  i 

9 

a  a  u 

W  B 

•H 

«  M 

0 

1  ® 

•  • 

O  fl 

|4 

sS 

M  a 

2^* 

a 

9  u* 

•H  a  o 

;:8 

U  <H 

9  4« 

43  Ml  « 

Ml 

8^ 

2* 

a 

a 

Ml  9 

1*^ 

> 

PM 

a 

(0 

H 

Q 

|«-<  CM 


A5 


Froa  Aaerlcan  Society  for  Tasting  and  Matarlals  Standard  Specification  D  3381-83,  Table  2. 

If  ductility  Is  less  than  100,  material  will  be  accepted  If  ductility  at  60*  F  (15.5*  C)  la' 100  aln- 
laiua  at  a  pull  rate  of  5  cn/mln. 
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la  AiMrlcan  Society  for  Testing  end  Materials  Standard  Specification  D  946-82,  Table  1. 

ductility  at  77*  F  (25*  C)  Is  lass  than  100  cm,  material  will  be  accepted  if  ductility 
.5*  C)  Is  100  cm  minimum  at  the  pull  rate  of  5  cm/min. 
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Table  4 

Aaphalt  Ceaant  Selection  Criteria  Bated  on  Pavwiient  Teaperature  Index 


Pavement  Temperature 

Index,  Cumulative  *F  (*C) 

Te^>erature 

Region 

Asphalt  Cement 
Selection  Criteria 

Less  than  30  (16.7) 

Cold 

Penetration-viscosity  method 
for  cold  regions  (Table  5) 

30  to  80  (16.7  to  44.4) 

Warm 

85  to  100  penetration 
(original  asphalt) 

Greater  than  80  (44.4) 

Hot 

60  to  70  penetration 
(original  asphalt) 

DFI'e  are  used  to  differentiate  between  climates  In  cold  temperature 
regions.  A  DFI  of  3*000  degree-Fahrenhelt-days  (degree-days)  or 
1(667  degree-Celslus-days  Is  used  as  the  delineation  between  moderately  cold 
and  severely  cold  (extremely  cold)  climates.  Moderately  cold  climates  have 
DFI *8  up  to  3(000  degree-days*  and  severely  cold  climates  have  DFI's  greater 
than  3(000  degree-days. 

Penetration-Viscosity  Number:  For  Cold  Regions 

Penetration-Viscosity  Number  (PVN)*  also  called  Pen-Vis  Number*  is  an 
empirical  correlation  between  asphalt  cement  factors  and  low  tenq>erature  pave¬ 
ment  cracking  experiences  In  Canada.  Asphalt  cement  factors  considered  In  the 
original  correlation  were  penetrations  at  77*  F  (25*  C)*  viscosity  at  275*  F 

2  3 

(135*  C)(  and  penetration  Index.  McLeod  proposed  PVN  for  selecting  asphalt 
cements  to  prevent  low  temperature  cracking  of  asphalt  concrete  pavements. 

The  PVN  method  Is  used  to  quantify  temperature  susceptibility  of  an  asphalt 
cement  and  estimate  Its  ability  to  prevent  low-temperature  cracking. 

Required  Input  data  are  penetration  at  77*  F  (25*  C)  and  kinematic  vis¬ 
cosity  at  275*  F  (135*  C).  Figure  1  allows  estimation  of  PVN  for  asphalt 
cements  In  cold  regions.  Table  5  provides  minimum  PVN  selection  criteria  for 
asphalts  In  cold  regions.  Table  5  and  Figure  1  should  always  be  used  when 
selecting  asphalts  for  use  In  cold  regions.  Table  5  also  shows  requirements 
for  airfields  and  roads  and  other  pavements.  A  design  Index  Is  required  for 


2 

Ad  Hoc  CoimnltCee.  "Design  Techniques  to  Minimize  Low-Temperature  Asphalt 
Pavement  Transverse  Cracking*"  Research  Report  81-1,  Asphalt  Institute, 
.December  1981. 

'^McLeod*  N.  W.  *  "A  4-Year  Survey  of  Low-Temperature  Transverse  Pavement 
Crackl^  on  Three  Ontario  Test  Roads,"  Proceedings,  Association  of  Asphalt 
Paving  Technologists*  Vol.  41*  1972. 
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roads  and  othar  pavanantsf  It  la  an  Indax  of  traffic  astinata  and  is  daflnad 
In  IM  5-822-5/AFM  88-7,  Chap.  3. 

Taaparature  at  a  2-in.  dapth  of  pavsMnt  can  be  estliuttad  froa  a  DFI  for 
a  given  project  location  or  site  as  shown  In  Figure  2.  This  "nlnlaun  antici¬ 
pated  pavenant  teqieratura”  and  ■inlinn  PVN  criteria  of  Table  5  canj>e  used 
with  Figure  1  to  select  an  asphalt  ceaent. 

An  asphalt  with  given  penetration  and  viscosity  can  be  checked  for  satis¬ 
fying  FVN  criteria  of  Table  5  by  plotting  In  Figure  1.  If  Its  penetration  and 
viscosity  point  falls  on  or  above  the  alnlnun  PVN  value  and  to  the  right  of 
the  alnlauB  anticipated  paveaent  tes^erature.  It  Is  estlaated  that  low  temper¬ 
ature  contraction  cracking  of  the  asphalt  concrete  layer  will  be  prevented. 

If  It  plots  to  the  left  of  the  anticipated  pavement  temperature,  the  pavement 
will  likely  crack  at  low  teq>eratures.  PVN  values  should  be  calculated  for 
more  accurate  results. 

Examples  of  Asphalt  Cement  Selection 

Enclosure  2  contains  examples  of  asphalt  cement  selection  by  use  of  this 
Engineer  Technical  Letter. 


AlO 


TEMPERATURE 


Figure  2*  rnireiunt  t«^>erature  as  a  function  of  design  air  freezing  index 
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Chaptar  2 

ElAKPLE  AHALTSES  FDR  8ELECTIH6  AN  ASPHALT  CSfZRT 


EmmpIc  1,  Calcttlatlnn  Pay— nt  T— parature  Index 

Tha  aachod  for  calculating  the  pavanant  tanparature  index  for  Vin  con- 
acructlon  altea  la  given  In  thla  axanpla. 

The  average  aonthly  naxlaain  tanparature  and  the  difference  above  75*  F 
(23.9*  C)  for  Site  A  and  Site  B  are  given  below. 


Site  A  _  Site  B 


Avg.  Max. 

Avg.  Max. 

Temperature 

Difference 

Temperature 

Difference 

Month 

•F 

Above  75*  F 

*F 

Above  75*  F 

Jan 

60.5 

29.8 

Feb 

68.5 

— 

27.8 

— 

Mar 

73.7 

~ 

43.0 

— 

Apr 

79.9 

4.9 

58.2 

■— 

May 

88.5 

13.5 

67.2 

— 

Jun 

94.5 

19.5 

70.4 

— 

Jul 

97.6 

22.6 

77.0 

2.0 

Aug 

92.0 

17.0 

74.2 

— 

Sep 

90.2 

15.2 

66.9 

Oct 

80.3 

5.3 

57.5 

Nov 

74.0 

— 

43.4 

Dec 

60.3 

— 

36.8 

~ 

Cumulative  Total 

98.0 

2.0 

The  temperature  Index  at  these  sites  is  the  sum  of  the  increments  of 
average  monthly  above  75*  F;  therefore,  the  pavement  temperature 

Index  for  each  site  Is  as  follows: 

Site  A  *  98.0,  cumulative  *F  (54.4,  cumulative  *C) 

Site  B  •  2.0,  cumulative  *F  (1.1,  cumulative  *C) 

Based  on  Table  4  of  Enclosure  1,  Site  A  is  a  hot  region,  and  Site  B  Is  a  cold 
region.  Site  B  requires  the  use  of  the  PVN  method  to  select  an  asphalt 
cement. 

Exsaple  2.  Asphalt  Cement  Selection  In  a  Hot  Region 

A  parking  lot  should  be  built  in  a  region  that  has  a  pavement  temperature 
Index  of  98,  cumulative  *F  (54.4,  cumulative  *C). 


Enclosure  2 
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AC-IO 

AC-20 

AC-40 

Viscosity,  140*  F,  P 

872 

2,200 

4,104 

275*  P,  cSt 

298 

435 

605 

Penetration,  77*  F,  0.1  an 

123 

70 

46 

Fr<Mi  Table  4  of  Enclosure  1*  an  asphalt  caaant  that  has  a  panatratlon  of 
approxinately  60  to  70  should  ba  salaetad.  The  AC-20  asph^t  canant  should  be 
salactad  for  this  pauaaant. 


)la  3. 


Shalt  Caaant  Salaetion  in  a  Vara  Eaalon 


A  street  should  ba  eonstructad  In  a  region  that  has  a  pavaaent  teapera- 
ture  Index  of  42*  euaulatlva  *F  (23.3,  cuaulatlve  *C). 

An  asphalt  supplier  can  provide  asphalt  ceaents  that  aeet  the  requlre- 
aants  In  Table  1  of  Enclosure  1.  Viscosity  and  penetration  data  for  the 
asphalt  ceaents  are  given  belov. 


AC-5 

AC-10 

AC-20 

Viscosity,  140*  F,  P 

560 

1,120 

2,170 

275*  P,  cSt 

180 

335 

450 

Penetration,  77*  F,  0.1  an 

145 

96 

70 

Based  on  Table  4  of  Enclosure  1,  an  asphalt  ceaent  that  has  a  penetration  of 
approxiaately  85  to  100  should  be  selected.  The  AC-10  asphalt  ceaent  Is 
selected. 

Exanle  4.  Asphalt  Ceaent  Selection  In  a  Cold  Region 


At  Fort  Drua,  NT,  a  heavy  duty  open  storage  area  (design  Index  of  10)  for 
use  by  50,000  lb  forklift  trucks  has  to  be  constructed  In  a  region  with  a 
paveaent  temperature  Index  of  2,  cuaulatlve  *F  (1.1,  cuaulatlve  *C)  and  a  DFI 
of  2,300  degree-Fahrenhelt-days  (1,278  degree-Celslus-days)  calculated  using 
TM  818-2. 

An  asphalt  supplier  can  provide  two  asphalt  ceaents  that  aeet  the 
requlreaents  In  Table  1  of  Enclosure  1.  Viscosity  and  penetration  data  for 
the  asphalt  ceaents  are  given  below. 

AC-2.5  AC-5 

Viscosity,  140*  P,  P  280  466 

275*  F,  cSt  140  220 


Penetration,  77*  F,  0.1 
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and  Asphalt  8«l«ction 

Th*  cllMtologlcal  d«t«  allov  classification  of  tha  site  by  taaperature 
region  and  allow  an  astlaate  of  pareaent  te^>erature.  According  to  Table  4  of 
Enclosure  1»  the  pareasnt  toperature  index  classifies  the  site  as  a  cold 
region  where  Che  PVN  ■ethod  Should  be  used  to  select  the  grade  of  asphalt 
ceaent.  The  DFl  allows  the  use  of  Figure  2  (Enclosure  1)  to  estlaate  a  alnl- 
aua  paveaent  taaperature  at  a  2-in.  (5  ca)  depth.  From  Figure  2,  a  adnlaua 
anticipated  paveaent  taaperature  Is  about  -22*  F  (-30*  C). 

Table  5  of  Enclosure  1  shows  Chat  this  cold  region  can  be  further  classi¬ 
fied  as  a  aoderately  cold  region  since  Its  DFI  Is  less  Chan  3»000  degree- 
Fahrenhelt-days.  Table  5  also  indicates  chat  the  required  PVN  of  Che  asphalt 
selected  aust  be  greater  Chan  -0.5  for  a  design  index  of  10.  This  will  alnl- 
alse  low  teaperature  paveaent  cracking. 

Nov,  PVN  values  aust  be  deteralned  for  the  available  asphalt  ceaents. 

This  can  be  done  by  either  plotting  penetration  and  viscosity  at  275*  F 
(135*  C)  In  Figure  1  of  Enclosure  1  or  by  using  PVN  equations.  If  Che  details 
of  Figure  1  are  not  sufficient  to  accurately  determine  PVN  values,  eqtiatlons 
should  be  used. 

The  general  PVN  equation^  Is  as  follows: 

PVN  -  g  -  x)(-1.5) 

(L  -  M) 

where 

L  logarithm  of  viscosity  In  centlstokes  at  275*  F  (135*  C)  for  a  PVN 
of  0.0  at  the  given  penetration 

X  •  logarithm  of  viscosity  In  centlstokes  at  275*  F  (135*  C)  of  a  given 
asphalt 

M  «  logarithm  of  viscosity  In  centlstokes  at  275*  F  (135*  C)  for  a  PVN 
of  -1.5  at  Che  given  penetration 

Values  of  Z  can  be  determined  directly  from  asphalt  cement  viscosity  data  as 
provided  In  this  example,  but  values  of  L  and  H  are  a  function  of  the 
penetration  values  of  each  asphalt.  Equations  for  the  values  of  L  and  M 
are: 


u  -  4.25800  -  0.79674  LOG  (PEN) 


^McLeod,  N.  W. ,  "Using  Paving  Asphalt  Rheology  to  Impair  or  Improve  Asphalt 
Pavement  Design  and  Performance",  Asphalt  Rheology;  Relationship  to  Mixture, 
ASTM  STP  941,  0.  E.  Briscoe,  Ed.,  American  Society  for  Testing  and  Materials, 
Philadelphia,  1987. 
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M  -  i.Um  -  0.61094  LOO  («■) 


«i«r«  nv  ■  panstrstlm  «t  77*  F  (25*  C)  of  a  givoa  asphalt  esMat. 

Caleulatad  PFM  iralttas  of  tha  two  availabla  asphalt  eaaaiits  ara: 

m  •  -0.638  for  AC-2.5 
PVH  -  -0.081  for  ACr5 

Basad  on  Tabla  5  of  Eneloaura  1,  an  asphalt  canant  that  has  a  PVN  graatar 
than  -0.5  and  lies  on  or  to  tha  right  of  tha  minlwun  tenparatura  diagonal  line 
should  ba  salaetad.  Tha  AC-5  asphalt  eaaant  Is  salectad  bacauae  It  has  a  PVN 
of  -0.081  and  Has  to  tha  right  of  tha  -22*  F  tasparatura  diagonal  line.  This 
asphalt  cawant  satlsflas  tha  raqulranants  of  Table  5  and  should  prevent  low- 
taavarature  paveawnt  cracking. 

Btawpla  5.  Asphalt  Cawant  Salactlon  In  a  Warn  Region 

A  parking  lot  shoulo  be  constructed  In  a  region  that  has  a  pavement  tem- 
paratura  Index  of  42 »  cumulative  *F  (23.3*  cumulative  *C). 

An  asphalt  supplier  can  provide  asphalt  cements  that  meet  the  require¬ 
ments  In  Table  2  of  Enclosure  1.  Viscosity  and  penetration  data  for  the 
asphalt  cements  are  given  below. 


AR-1000 

AR-2000 

AR-4000 

Viscosity,  140*  F,  P 

851 

1,962 

3,544 

275*  F,  cSt 

162 

247 

334 

Penetration,  77*  F,  0.1  mm 

Original 

141 

87 

53 

Residua 

99 

55 

39 

Basad  on  Table  4  of  Enclosure  1,  an  asphalt  cement  that  has  a  penetration  of 
approximately  85  to  100  should  be  selected.  The  AR-2000  asphalt  cement  Is 
selected  based  on  the  original  penetration  of  the  material. 
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